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Pusik, L., Pusik, V., Bondarenko, V.,  the method of mathematical statistics. It is established that napa cabbage
Sievidov V., & Semenenko, I. (2023).  loses up to 10% of its mass during storage for 20 days of storage. Individual
Investigation of weight loss of napa packaging of heads in stretch film, in comparison with storage in open form,
cabbage depending on the type  allowed for reducing the natural loss of their mass by half, increasing the
of packaging and head weight. storage period to 90 days. Among the hybrids examined, the best keeping
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and dry soluble substances, vitamin C, and total sugar. When examining the shelf life of napa cabbage, depending
on the weight of the head, it is identified that the stretch film extends the duration of storage of heads weighing
350-700 and 750-900 g to 70 days. Natural weight loss reaches 10.8%. Heads weighing more than 900 g with such
packaging are stored for 90 days with natural losses of 8.8%. Inserts made of polyethylene film with a thickness
of 40 microns extended the storage time of cabbage heads weighing 350-700 g to 80 days with a weight loss of
10.1%. Heads weighing 750-900 and more than 900 g were stored for 90 days with natural mass losses of 10 and
7.8%, respectively. Storage of a mixture of napa cabbage heads of different weights in the stretch film increased
the storage period to 80 days, and in polyethylene film - to 90 days with a weight loss of about 10%. These results
can be used by researchers in the trade industry to extend the storage period of fruits and vegetables

Keywords: fresh cabbage; head fractions; stretch filml; plastic film; shelf life

INTRODUCTION

Napa cabbage is an early-maturing crop that is suitable
for growing in protected ground structures and long-
term storage. Precocity, the rich chemical composition
of the heads, and the ability to be stored for a long time
make napa cabbage a valuable vegetable crop, which
is successfully grown by Ukrainian producers in the
open ground. Its presence in the diet contributes to the
intake of fibre and essential minerals into the human
body. The easiest and cheapest way to extend the stor-
age period of fresh products is to pack them in polymer
films. Therefore, investigation of the keeping properties
of napa cabbage, depending on the type of packaging
and the weight of the head, is relevant.

The modern assortment of this cabbage is rep-
resented by head hybrids of mainly foreign selection.
Napa cabbage with elongated cylindrical heads is in
demand among the population (Sun et al., 2021). It has
the aroma of fresh herbs, attractive colour, and a pleas-
ant taste. Napa cabbage is high in sugar - 1.5-3.8%,
contains up to 1 g of protein, 0.3 g of fat, 250 mg of
potassium, 0.9-1.3 mg of iron, starch - up to 0.4, fibre -
up to 0.7-1.2; calcium - 0.95, phosphorus - 1.16, potas-
sium - 0.36, and sodium - 0.16%. The energy value of
cabbage is low - 125 KJ/100 g (Zhou et al., 2022).

Now consumers demand heads weighing 0.8-1.5 kg
(Kovtuniuk et al.,, 2020; Sadovska et al., 2022; Dai et al.,
2019). Notably, the head of napa cabbage weighing
from 350 g is considered standard (UNECE Standard
FFV-44,2017).The weight of the head depends on many
factors: the characteristics of the hybrid, the cultivation
technology, the weather conditions of the growing sea-
son, etc. Thus, napa cabbage of the Khibins’ka variety, in
the studies of K.U. Holmamatovich (2021), due to vari-
ous placement schemes, formed heads weighing from
0.62 to 1.24 kg. D. Paulus (2019) identified that with
different soil moisture supply, weather conditions and
hybrid characteristics, the weight of a napa cabbage
head can vary by 5.5-27.5%. S. Teshome (2020) notes
that a different fertiliser system leads to an increase in
the head weight of this crop by 52.5%. In addition, dur-
ing the period of mass maturation, a continuous harvest
of napa cabbage is conducted and fluctuations in the
mass of heads in the field can be substantial.

The high water content of napa cabbage heads
creates the need for them to be stored in an environ-
ment with high relative humidity to prevent moisture
evaporation. The presentation of vegetables depends
on their loss of water during storage. It was identified
that the maximum permissible water loss in white cab-
bage, potatoes, green peppers, and tomatoes is 7-8%;
lettuce - 3-4%; strawberries, raspberries, currants, peas,
and beans - 5-6%. Evaporation of water during storage
depends on the characteristics of the variety, weather con-
ditions of the growing season, and methods of harvest-
ing and storage (Pusik et al,, 2019). Losses from water
evaporation can account for 70-90% of natural losses
(Ishaque et al., 2019).

However, when storing napa cabbage, it is neces-
sary to create a high relative humidity in the storage,
which is not always possible. Practice shows that tem-
perature fluctuations at high humidity in the storage
area can lead to condensation on the surface of the
product. Temperature fluctuations at high humidity in
the storage area can lead to condensation on the sur-
face of the product. Therefore, the evaporation of water
during the storage of cabbage is inevitable. The choice
of the method of storing napa cabbage with minimal
loss of weight and quality remains relevant. Thus, con-
ducting comprehensive research on factors that affect
the natural weight loss of cabbage is relevant.

The main objective of the study was to compare
the type of packaging and the weight of napa cabbage
heads for weight loss during storage. Accordingly, the
tasks were set to: establish the dynamics of natural
mass losses, conduct a comparative assessment of the
keeping properties of napa cabbage, depending on the
type of packaging and head weight when using differ-
ent hybrids.

MATERIALS AND METHODS

The study was conducted in 2019-2020 in the Agricul-
tural Society “Mriya” It is located in the Lozivsky dis-
trict of the Kharkiv region. Late-maturing napa cabbage
hybrids Bazuko F,, Bilko F,, Suprin F, were examined
Cabbage was grown according to generally accepted
recommendations (Moiseichenko, 1992). Growing
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method - seedling (seedlings with four-five real leaves
were planted). Seedlings were planted in a permanent
place in the third decade of July. The method of plac-
ing plants is the strip row with a placement scheme
(40+100)x20 cm. The density of plant placement is 71.4
thousand units/ha. Repetition in the experiment is four-
fold. The area of the sown area is 50 m?, accounting -
21 m2. Napa cabbage was grown by drip irrigation. Soil
moisture was maintained at 80%, the norm of one veg-
etative irrigation was 70-150 m3/ha. The placement of
options in the experiment is systematic.

Bazuko F, (Bejo Zaden) is a high-yielding hybrid of
napa cabbage. The growing season lasts 70 days. Head
weight is 1.2-1.8 kg. It is characterised by high resist-
ance to many keel races. Created for long-term storage.
Does not lose its fresh green colour (Bazuko F, n.d.).

Bilko F, (Bejo Zaden) is characterised by excellent
taste qualities. The growing season lasts 67 days. Head
weight is 1.2-1.8 kg. Created for long-term storage. The
hybrid is resistant to many keel races (Bilko F,, n.d.).

Suprin F, (Syngenta) is a hybrid of napa cabbage
created for long-term storage. The growing season is
60-65 days, the average head weight is 1.5-2 kg, has a
light green colour. This colour remains after long-term
storage (Suprin F,. Syngenta vegetable seed catalogue).

Cabbage was harvested by hand in a continu-
ous way, weighed, and divided into marketable and
non-marketable products. Marketable products were
divided into standard and non-standard according to
the current standard (UNECE Standard FFV-44,2017).In
standard products, the content of certain components
of the chemical composition was determined according
to generally accepted methods:

-dry substances - by drying (DSTU I1SO 751:2004,2005);

- mass fraction of dry solutes - by refractometric
method (DSTU ISO 2173:2007, 2009);

- ascorbic acid - titrimetric method using 2,6-di-
chlorophenolindophenolate sodium (Naichenko &
Zamorska, 2010);

- total content of sugars and reducing sugars-pho-
tocolorimetric (ferricyanide) method (DSTU 4954:2008);

- sucrose content was determined as the difference
between the total sugar content and reducing sugars
multiplied by a factor of 0.95.

The cabbage was placed vertically (with the top of
the head up) in plastic boxes. After assembly, the heads
were cooled to a temperature of 1-2°C. Napa cabbage
was stored in a refrigerator at a temperature of 0£1°C
and relative humidity of 90-95%, for one day in trifold
repetition. Standard heads were stored weighing not
less than 350 g. The weight of the average sample is
10 kg. Storage was conducted in accordance with the
guidelines for conducting studies on the storage of
vegetables (Naichenko & Zamorska, 2010). Product
monitoring was conducted every 10 days.

Observation of napa cabbage during storage
was conducted within two experiments. In the first
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experiment, napa cabbage was stored in an open form
(control); in boxes lined with a polyethylene film with
a thickness of 40 microns (PF), and packed in a stretch
polyvinylchloride film with a thickness of 8 microns
(SF). Before packaging, the cabbage was cooled to stor-
age temperature to prevent condensation on the film
and heads. The experiment is three-factor: factor A -
type of packaging, factor B — duration of storage, and
factor C - features of the hybrid.

The second experiment involved examining the
preservation of napa cabbage depending on the mass
of the head. The examination was conducted with the
Bilko F, hybrid. Standard products were sorted into
fractions: 350-700 g, 750-900 g, 950 g and more. A mix
of heads weighing more than 350 g was taken for con-
trol, according to the standard. Cabbage was stored in
open boxes (OB); in boxes lined with 40 microns thick
polyethylene film (PF), and packed in 8-microns-thick
polyvinylchloride stretch film (SF). The experiment is
three-factor: factor A - head weight, factor B - type of
packaging, and factor C - storage duration.

During storage, the dynamics of natural mass losses
were determined. Natural mass loss was determined as
a percentage of the initial mass by the formula (1):

A—B)*100
x = G20, (1)
where X - weight loss, %; A - weight of heads before
storage, g; B — mass of heads after storage, g.

The sample was withdrawn from storage if the
weight loss was more than 10%, and no more than 10%
of the products were affected by diseases and physio-
logical disorders.

RESULTS

The formation of components of the chemical com-
position of vegetables depends on the characteristics
of the variety, hybrid, and growing conditions, that is,
the biological value is genetically determined. Dry sub-
stances - insoluble and water-soluble are an energy
source of respiration of plants. Insoluble substances
make up the cell walls and determine the toughness
of the skin and pulp to mechanical influences. The con-
sistency and colour of vegetables depend on the pres-
ence of insoluble dry substances. Soluble substances
include mineral salts, water-soluble vitamins, sugars
(di- and monosaccharides), etc. Vitamin C, also known as
L-ascorbic acid, is a water-soluble vitamin that is nat-
urally present in fruits and vegetables. Ascorbic acid is
considered a stimulator of the formation of dense, heavy
inflorescences and fruits. In addition, it shows antioxi-
dant properties, protects against the harmful oxidative
effects of free radicals and other substances. Ascor-
bic acid helps plants cope with the stresses of drought
and ultraviolet radiation (Deslous et al.,, 2021). Sugars
are the main energy material. When sugar molecules
are broken down and oxidised, energy is released that
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ensures the vital activity of the plant organism. Glucose  vitamin C (LSD,.=2.1), total sugar (LSD,=0.2), and
is the main source of energy for cellular respiration = monosaccharides (LSD,=0.3) in the hybrid heads
(Eveland & Jackson, 2012). Bilko F,. The disaccharide content was 0.2-0.3% and

Studies have established a substantially higher there was no substantial difference between the hy-
content of dry (LSD,=0.1) and dry solutes (LSD,=0.2),  brids (Table 1).

Table 1. Content of some chemical components in napa cabbage heads (average for 2019-2020)

Hybrid Dry substances, % Dry solutes, % X:;a/T(';(‘) Z’ Total sugar, % Monosaccharides, %  Disaccharides, %
Bazuko F, 6.1 48 491 2.6 23 0.3
Bilko F, 6.4 5.1 50.5 29 2.6 0.3
Suprin F, 5.8 4.5 474 23 21 0.2
LSD 0.1 0.2 21 0.2 0.3 0.2

05

Source: compiled by the authors based on their studies

Notably, the accumulation of some components elements of the cultivation technology affect the con-
of the chemical composition, depending on the char-  tent of chemical composition components within 1%.
acteristics of the hybrid, ranged from 23 to 84%. The  Correlation analysis showed that the weight loss of
greatest dependence was observed between hy- the heads during storage depends on the density of
brid characteristics and dry substances (84%), total the heads and the components of the chemical com-
sugar (81%), and dry solutes (64%). Other factors and  position (Table 2).

Table 2. Correlation coefficient of weight loss of napa cabbage heads during storage from the density of heads
and some components of chemical composition

Indicators y X, X, X, X, X X, X,
Y 1 - - - - - - -
X, 0.97463 1 - - - - - -
X, 0.90784 0.978664 1 - - - - -
X, 0.90784 0.978664 1 1 - - - -
X, 0.92982 0.988602 0.998443 0.998443 1 - - -
X 0.90784 0.978664 1 1 0.998443 1 - -
X, 0.85375 0.948636 0.993399 0.993399 0.985453 0.993399 1
X. 0.99587 0.950281 0.866025 0.866025 0.89257 0.866025 0.802955 1

Note: y - weight loss, %, x, - head density, x, - dry substances, x; - dry solutes, %, x, - vitamin C,mg/100 g, x, - total sugar, %,
X, — monosaccharides, %, x,, - disaccharides, %
Source: compiled by the authors based on their studies

V.A. Koltunov (2004) identified that the shelf life of = The density of napa cabbage heads depends on the
cabbage depends on the density of the heads. The den-  dry matter content (r=0.9786).
sity of heads is determined by the number of leaves per Regression analysis showed that daily weight loss de-
unit length of the head, the angular interval of their  pends on the content of dry solutes and on the density of
alternation, and thickness. It was identified that stale  heads: y=10.2-30x,+6x,. Where: Y - weight loss, %, x, -
varieties of white cabbage have a head density of more  head density, x, — content of dry soluble substances. Thus,
than 0.8, and non-stale - in the range of 0.60-0.76. morphoanatomical and chemical indicators correlate with

These studies have established that the density the shelf life of napa cabbage, so it can be concluded that
of napa cabbage heads ranges from 1.14 (Suprin F)) the shelf life is determined by a complex of properties.
to 1.36 (Bilko F,). The head mass loss during stor- During the study of different types of packaging
age is closely related to the head density (r=0.9746). for the shelf life of napa cabbage, it was identified that
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storage without packaging already on the tenth day
led to weight loss at the level of 5.7-6.1%, depending
on the hybrid (Fig. 1). By the twentieth day, natural
weight loss increased to 10.6%. The heads of the Su-
prin F, hybrid lost mass more intensively, and Bilko

F, - less. Substantial difference (LSD,,=0.3) in terms
of mass loss, on the tenth day of the storage, was only
between these two hybrids. On the twentieth day of
storage, all three hybrids differed substantially in nat-
ural mass loss.

12
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Figure 1. Dynamics of weight loss of napa cabbage depending on the type of packaging, % (average for 2019-2020)

Source: compiled by the authors based on their studies

The use of a 40-micron-thick polyethylene film on
the tenth day of storage substantially reduced natural
weight loss: it was almost six to eight times less than
open storage. With further storage in a polyethylene
film, natural losses gradually increased by 0.1 to al-
most 4% every 10 days. Notably, the Suprin F, hybrid
lost more mass, and Bilko F, - less. Constant substantial
weight losses were observed in experimental hybrids
of napa cabbage from the 50th day of storage. On the
90th day of storage, natural weight loss reached 10% in

Scientific Horizons, 2023, Vol. 26, No. 3

the Suprin F, hybrid, slightly smaller it was in Bazuko
F, - 9.8%, and substantially less (LSD=0.3) compared
to the other hybrids - in Bilko F, - 8.8%. Notably, with
this type of packaging, from the 80th to the 90th day
of storage, there was a sharp increase in natural weight
loss in all hybrids. Thus, if from the beginning of stor-
age to the 80th day inclusive, natural weight loss every
10 days ranged from 0.1-2.3%, depending on the char-
acteristics of the hybrid, then in the period from the
80th to the 90th day it amounted to 2.9-3.8%. This calls




into question the feasibility of storing napa cabbage
heads with this type of packaging for such a long time.

Packaging of napa cabbage heads in a stretch film
with a thickness of 8 microns also substantially re-
duced (LSD,,=0.3) the intensity of natural mass loss.
However, compared to polyethylene film, the intensity of
mass loss was higher. Thus, on the tenth day of stor-
age, napa cabbage heads stored in stretch film lost
2.9-3.4% of their weight. This is almost half as much
for open storage, but four times as much for plastic
wrap storage. During the entire storage period, mass
loss for hybrids every ten days was substantial. How-
ever, on the 90th day of storage, the natural mass loss
of Bazuko F, and Bilko F, hybrids stored in polyeth-
ylene film was substantially less - by 1.7 and 1.0%,
respectively. While the Suprin F_ hybrid had a ten days
less duration of storage of heads in the stretch film

Pusik et al.

than other hybrids. The natural weight loss of this hy-
brid for 80 days of storage was 10.2%.

It was identified that the natural weight loss of cab-
bage heads depends by 30% on the type of packaging
(factor A),by 10% on the duration of storage (factor B),and
by 10% on the characteristics of the hybrid (factor C). In
addition, the combined effect of the type of packaging and
shelf life = 40% - had an impact on natural weight loss.

The correlation between weight loss, shelf life, and
the packaging method of napa cabbage heads is deter-
mined. Under classical linear multiple regression, the
coefficient (R) takes values from O to 1.1t is assumed that
the closer the coefficient is to 1, the better the model
is. Therefore, it can be noted that there is a curved re-
lationship between the weight loss of cabbage heads
by the packaging method (Table 3). The coefficient of
determination (R?) is used as a model reliability marker.

63

Table 3. Correlation of weight loss, shelf life, and packaging method for napa cabbage heads

Option Straight-line relation equation R? Curvilinear relation equation R?

Bazuko F,

1 Y=5.1x-4.833 0.99 Y=0.8 x*+8.3 x-7.5 1.00

2 Y=0.959 x-1.827 0.88 Y=0.121 x2-0.369 x + 0.832 0.97

3 Y=0.797 x+0.907 0.92 Y=0.075 x*+1.618 x-0.735 0.97

Bilko F,

1 Y= 4.8 x-4.5 0.99 Y=-0.9 x*+8.4 x-7.5 1.00

2 Y=0.873 x-1.733 0.89 Y=0.1072 x2-0.306 x + 0.625 0.97

3 Y=0.769 x+0.793 0.92 Y=-0.075 x2+1.594 x-0.857 0.97
Suprin F;

1 Y=5.3 x-5.03 0.99 Y=-0.8 x?+8.5 x-7.7 1.00

2 Y=0.955 x-1.72 0.88 Y=0.109 x?-0.249 x + 0.688 0.96

3 Y=1.158 x + 0.531 0.94 Y=-0.109 x2+2.257-1.483 0.99

Note: 1 - open box (control); 2 - box + film 40 microns; 3 - stretch film 8 microns; x - duration of storage, days

Source: compiled by the authors based on their studies

Thus, the use of packaging made of polyethyl-
ene film with a thickness of 40 microns and stretch
film with a thickness of 8 microns helps to extend the
shelf life and reduces the natural weight loss of napa
cabbage heads. Natural mass loss is reduced by creat-
ing a passive modified gas medium (MGS) around the
product. In MGS, the intensity of respiration of fresh
fruits and vegetables slows down, and the enzymatic
decomposition of respiratory substrates is delayed. In
addition, MGS substantially suppresses the spoilage of
products by microorganisms, since the increased con-
tent of CO, has an antimicrobial effect (Caleb et al,
2013). When storing various fractions of napa cabbage

heads, natural mass loss during storage in an open box
was substantial (LSD,,=0.2) within 20 days (Fig. 2). On
the 10th day of storage, natural weight loss was 5.7-
6.8%, and on the 20th day, it reached 9.6-10.6%. The
heads weighing more than 900 g were characterised
by the lowest mass loss. As the head mass decreased,
natural loss increased. A mix of napa cabbage heads of
different weights lost 6.1% of the mass on the 10th day
of storage, 0.2% more than heads weighing 750-900 g,
and 0.7% less than heads weighing 350-700 g. On the
20th day of storage, the natural mass loss of the head
mix in an open box was substantially higher compared
to all the other storage options - 10.6%.

Scientific Horizons, 2023, Vol. 26, No. 3
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Figure 2. Dynamics of weight loss of napa cabbage depending on the head weight, % (average for 2019-2020)

Source: compiled by the authors based on their studies.

Packaging of napa cabbage heads in stretch film
contributed to a substantial (LSD,.=0.2) reduction of
natural mass loss in all fractions. Thus, on the 10th
day of storage in variants with a mix of heads and with
heads weighing 350-700 g, the mass loss was two
times less than for storage in an open box. In the ver-
sion with a head mass of 750-900 g, loss decreased by

Scientific Horizons, 2023, Vol. 26, No. 3

4.5 times, and in the version with a head mass of more
than 900 g - by eight times. There is also a tendency
to reduce natural weight loss due to an increase in the
mass of cabbage heads. With further storage in stretch
film, the shelf life of the head mix increased to 80 days
and natural weight loss during this time amounted to
10.2%. Heads weighing 350-700 g and 750-900 g were




stored for 70 days and weight loss during this period
was 10.8 and 10.6%, respectively. The difference in
natural mass loss over the entire storage period, both
between these two variants and within each of these
variants, was substantial.

Heads weighing more than 900 g in the stretch film
were stored for 90 days without loss of quality. Start-
ing from the 20th day, the difference in weight loss for
every 10 days of storage increased substantially and on
the 90th day amounted to 8.8%. Storage of a mix of napa
cabbage heads in a polyethylene film increased the shelf
life, compared to packaging in a stretch film, by 10 days.
During 90 days of storage, natural weight loss was sub-
stantially (LSD,=0.2) lower and amounted to 10%.

Heads weighing 350-700 g in polyethylene film
were also stored for 10 days longer with substantially
lower loss than during storage in the stretch film -
10.1% for 80 days. The polyethylene film extended the
shelf life of cabbage heads weighing 750-900 g by 20
days. Therewith, for 90 days of storage, natural mass
loss in this variant was 0.6% less than for storage in
stretch film for 70 days - 10%. Heads weighing more
than 900 g in polyethylene film had the same storage
duration as in the stretch film - 90 days. However, nat-
ural weight loss was 1% less - 7.8%.

DISCUSSION

The results of the experiment indicate a substantial
influence of the mass of the napa cabbage head on
the amount of natural mass loss and the duration of
storage. Similar data were obtained by L.M. Pusik et al.
(2022) when examining the influence of the mass of
carrot root vegetables on the amount of natural loss
during storage. The largest root crops were character-
ised by gradual, without sharp fluctuations, and the
smallest natural mass loss during the entire storage pe-
riod. The studies by L. Pusik et al. (2022) identified that
the duration of storage of large carrot roots increases
by 46 days and is 206 days. The yield of marketable
products of small carrots is reduced by 9% (Pusik et al.,
2022). In the paper of LK. Arah et al. (2016), it is noted
that the preservation of vegetable products depends
on post-harvest refinement: sorting by quality and cali-
bration by the size of the food body. V.A. Koltunov &
L.M. Pusik (2007) identified that at a daytime tempera-
ture of 26-30°C zucchini fruits with a diameter of more
than 8 cm are stored for 7-16 days longer than those of
4.5-6.0 cm in diameter. At a temperature of 5+1°C, the
shelf life is extended to 13-21 days. It was identified that
the loss of fruit mass during storage at a temperature of
5£1°Cis 42% dependent on their size. The yield of mar-
ketable products depends on the size of the fruit by 22%.

Similar studies were conducted on the storage of
cucumbers of different lengths. It was identified that
they are stored for almost two weeks with practically
no loss at a temperature of 5£1°C in boxes with plastic
wrap or in plastic bags with a capacity of 20 kg. The

Pusik et al.

average daily loss of fruits, when stored in plastic bags,
did not exceed 0.08-0.10% (Koltunov et al., 2006).

Various means are used to extend the period of
consumption of fruit and vegetable products, but the
most affordable of them are synthetic films for packag-
ing. The film creates a protective coating under which
a modified gas environment is formed, which prevents
the development of microorganisms on the surface of
the product. Furthermore, W. Hu et al. (2007) identified
that storing various types of cabbage in bags made of
perforated film allows them to better preserve their ap-
pearance, taste, and ascorbic acid content. There is a lot
of information about the successful use of an edible
protective coating for the same purpose, but, for exam-
ple, R.K. Dhall (2013) notes that the use of an edible
protective coating to preserve fruits and vegetables is
not always justified. Antimicrobial treatment and wash-
ing of products to clean and disinfect their surface also
do not always justify themselves. Washing, both with
ordinary water and with the addition of, for example,
citric acid and ascorbic acid, chlorine, and treatment
with ethanol, removed from the surface of the prod-
uct parts of spores of pathogenic microorganisms and
exudates that can be used as a nutrient medium for
them. But this did not help to increase the shelf life of
products that have delicate integumentary tissues, for
example, microgreens. In addition, it leads to the de-
velopment of microbes that are resistant to these sub-
stances. Turner et al. (2020) noted that the washing and
drying technology is still imperfect. Therefore, the au-
thors recommend using plastic packaging, which helps
create a passive modified gas atmosphere, to extend
the preservation of microgreens.

The morphological structure of napa cabbage
heads makes the technology of washing and drying it
impractical. Thus, the use of synthetic films is also a
universal measure for preserving fruit and vegetable
products. Thus, M. Choudhary & R.A. Devi (2021) note
the positive effect of polymer films as the packaging on
the preservation of colour, texture, and presentation of
broccoli heads. When storing napa cabbage in a poly-
propylene film with different types of perforation at a
temperature of 10°C within 10 days, B.M. Mampholo
(2013) noted the preservation of the overall quality of
the heads. A study of the storage of napa cabbage at
temperatures of 4, 8, and 10°C was conducted by Shim
et al. (2016). There are findings for storing napa cab-
bage at room temperature in a passive modified gas
environment using multicomponent films: with a high
transmission rate of water vapour and a film with a high
transmission rate of oxygen (Yang et al., 2018). Unfortu-
nately, there are few studies on the complex influence
of various factors on the preservation of napa cabbage,
they are disparate and generalised.

E.F. Balan et al. (2007) identified that the rate of
loss reduction during cabbage storage varies. During the
transition to a state of rest, vital processes, especially
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respiration, are inhibited. During the preparation for
germination and in the process of germination of vege-
table growth points (seeds, buds, eyes), the intensity of
respiration increases. After that, there is a sharp decline
in all vital processes. An increase in the intensity of
respiration during the last storage period is associated
with the formation of meristematic tissues with cells
that have a larger number of mitochondria. Energy is
needed for the biosynthesis of substances and the for-
mation of new tissues, which explains the increase in
the intensity of respiration at the end of storage.

A similar trend is observed during the storage of
napa cabbage. Daily weight loss in the first 10 days
ranged from 0.1% when storing heads in packaging to
0.61% in open form, in the middle of the storage period
(50 days), daily loss increased to 0.5-1.6%, and at the
end of storage 0.11-0.12%.

Based on the above, the research on the shelf life
of napa cabbage, depending on the type of packaging
and the size of the head, is relevant. Examining the
dynamics of cabbage weight loss will allow for deter-
mining the duration of storage of heads with minimal
weight loss and deterioration of quality. Weight loss of
fruit and vegetable products is a function of many argu-
ments. The definition of this indicator is of great scien-
tific and practical importance. Knowing and regulating
the factors that affect the weight loss of napa cabbage
heads during storage can substantially decrease it.

CONCLUSIONS

Napa cabbage in boxes without packaging can be
stored for 20 days, but with substantial natural weight
loss of up to 10.6%. It was identified that the method
of packaging napa cabbage heads affects the natural
weight loss and shelf life. Individual packaging in a
stretch film with a thickness of 8 microns reduces the
natural weight loss of napa cabbage by almost two
times, embedded in a container made of 40 microns
plastic film, by six-eight times compared to storage

without packaging. The use of polymer film packaging
extends its storage period to 90 days.

The shelf life of napa cabbage depends on the
mass of heads. Heads weighing 350-900 g were packed
in stretch film and stored for 70 days with a natural
weight loss of 10.8-10.6%. Polyethylene film extended
the shelf life of heads weighing 350-700 g by 10 days -
weight loss was 10.1%; heads weighing 750-900 g
were stored for 20 days longer - weight loss was 10.0%.
The mix of heads in the stretch film was stored for 80
days with a weight loss of 10.2%, and in those in poly-
ethylene film - for 10 days longer with a loss of 10.0%.

Packing the head (more than 950 G) in a film pro-
vided a storage duration of up to 90 days. Natural mass
loss in stretch film reached 8.8% and in polyethylene
film with a thickness of 40 microns - 7.8%. Studies have
shown that the density of napa cabbage heads ranges
from 1.14 in Suprin F, hybrid up to 1.36 - in Bilko F,. The
head mass loss during storage is closely related to the
head density (r=0.9746). The density of cabbage depends
on the content of dry soluble substances (r=0.9786).
Among the examined hybrids, Bilko F, has the best
keeping properties, containing dry (6.4%) and dry solutes
(5.1%), vitamin C (50.5 mg/100 g) and total sugar (2.9%).

Prospects for further research are possible with
the improvement of elements of post-harvest refine-
ment of cabbage. The possibilities of using edible films,
coatings with antimicrobial properties have improved
the concept of active packaging, they are designed to
reduce, inhibit, or stop the growth of microorganisms
on food surfaces. The results of the study can be used
directly by manufacturers and representatives of the
retail sector to extend the shelf life of fresh products.
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AHoTauif. ofoBXeHHs nepiofy CMOXMBAHHS CBIXKOT KanycTW MeKiHCbKOI 3 Pi3HOK Macok roNOBKM 3@ PaxyHOK
BMKOPWUCTAHHS NOAIMEPHUX MNIBOK € akTyanbHWUM. MeTolo poboTu Byno ekcnepuMeHTanbHe 0OFpYHTYBaHHS 3aX0A4iB
MOAOBXEHHN CTPOKIB CMOXMBAHHA KamnycTu nekiHCbKoi. Mpoaykuito BupollyBanu i 36epiranun y dhepmepcbkomy
rocnogapcrBi. [locniakeHHs 3 roN0BKaMM KanycTu NeKiHCbKOi NPOBOAMIN 3 BUKOPUCTAHHAM NabopaTopHOro MeToay
i MeTooy MaTeMaTUYHOI CTaTUCTMKKU. BcTaHOBNEHO, WO KanycTa nekiHcbKa nig Yac 36epiraHHs BTpadvae fo 10 % macu
3a 20 pi6 36epiranHHs. IHAMBIAYyaNnbHe NaKyBaHHS rONOBOK Y CTPETY-NIIBKY, MOPIBHSAHO 3i 30epiraHHaM y BigKpUTOMY
BUINSLI, LO3BONMI0 3MEHLIMTM NPUPOAHI BTPATH iX MacK y ABa pasu, 36inbumnTy nepiog, 36epiraHHs no 90 ai6. Cepen
[OCNioKYBaHMX TOpMAIB Kpalli NexKo3aaTHI BAAaCTUBOCTI Bynu y ribpmaa, Wwo xapakTtepmn3syBaBcs HinbwmM BMiCTOM
CYXMX | CyXMX PO3YMHHMX pPeyvoBMH, BiTaMiHy C Ta 3aranbHOro Lykpy. [1py gocnigpkKeHHi NeXKo3[aTHOCTI KanycTu
NeKiHCbKOI 3aN1eXHO0 Bif Macu roloBKM BCTAHOB/IEHO, O CTPETY-MIiBKA NOLOBXYE TPUBANICTb 36epiraHHs ronoBok
macoto 350-700 i 750-900 r o 70 pni6. MpupopHi BTpaT Macu npu Lbomy caratotb 10,8 %. TonoBku Macoto Ginblue
900 r 3a Takoro nakyBaHHs 36epiratoTbcst 90 4ib i3 npupoaHuMmM BTpaTamu 8,8 %. BknagHi 3 nonietTuneHoBOi NaiBku
3aBTOBLWKM 40 MKM MOAOBXMUIM TPUBANiCTb 30epiraHHa ronoBok Kanyctn macoto 350-700 r no 80 aib i3 BTpatamu
macm 10,1 %.Tonosku macoto 750-900 i 6inbe 900 r36epiranvcsa 90 4ib i3 npupoAHMMM BTPAaTaMu MacK BiANOBIAHO
10 i 7,8 %. 36epiraHHa cyMmiLi pi3HMX 32 MaCcoOK rOMIOBOK KamycTu NeKiHCbKOi y CTpeTy-nniBLi 36inbwunno nepiog
36epiraHHsa oo 80 nib, a y nonietuneHoBii nnisui - o 90 #i6 i3 BTpatamMu mMacu 6amsbko 10 %. OaHi pe3ynbtat
MOXYTb BYTW BMKOPWUCTaHI HAyKOBUAMW B NpencTaBHUKAMW TOProBeNbHIM ranysi 3 METOH MNOLOBXEHHS nepiogy
3b6epiraHHs nNnoAis Ta OBOYIB

KniouoBi cnoBa: cBixa kanycra; dpakLii ronoBokK; CTpeTy-niiBka; NofieTuneHoBa nniBka; TpMBanicTb 36epiraHHs
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